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[57] ABSTRACT

A communication network transports packetized con-
stant bit rate data from a source to a receiver. To 1m-
prove the transport of the data across the network, a
method is used to enqueue the packets in a buffer prior
to playing out the constant bit rate data to the receiver.

9 Claims, 4 Drawing Sheets
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1

METHOD AND APPARATUS FOR CONSTANT BIT
RATE TRAFFIC IN FAST PACKET NETWORKS

FIELD OF THE INVENTION

This invention is generally directed to transmission of
constant bit rate traffic in a communication network,
and, more specifically, directed to the enqueuing and
playout of packets of constant bit rate traffic.

BACKGROUND OF THE INVENTION

Networks consist of a plurality of interrelated nodes.
Packet switched networks integrate frame-delimited
data traffic, packetized speech and constant bit rate
(non-delimited) traffic onto common transmission facili-
ties. The basic unit of transmission in such a network is
a ““fast packet”, also referred to as a “cell”. These fast
packets are transmitted from node to node within the
network to the packets’ destination.

When data enters the network through a node, the
data 1s segmented into “fast packets”. A fast packet
contams a header and a payload. The header usually
includes connection identification and other overhead
information. The payload contains the data. The size of
fast packets i1s defined by the network. Thus, the header
and the payload of the fast packets are also defined by
the network. A number of fast packets are usually re-
quired to transmit the data through the network.

After the data 1s packetized, the packets are enqueued
at the node with fast packets from other data sources
and then transmitted through the network via inter-
nodal link transmission facilities. The fast packets are
received at another node, and, if the node is not the
ultimate destination of the fast packets, then enqueued
again with fast packets from other data sources.

Eventually, the fast packets are received at their
ultimate destination. The packets are then depacketized
and “played back” to the end user (which could be, for
example, a data terminal, storage device or audio de-
vice).

Fast packets do not move within the network at a
constant rate. Fast packets may be delayed due to the
various enqueuing procedures at the network nodes.
For example, the number of other fast packets received
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and transmitted at each node impacts the time for trans- 45

mitting the packets through the network. As failure of
nodes or links in the network occur, the route of the fast
packets from the inception node to the reception node
may change. Packets may even be lost in the network.

Constant bit rate (CBR) data (commonly generated in
synchronous communication) presents a special prob-
lem. Constant bit rate data is information generated at
uniform periods. In order for the CBR data to be accu-
rately processed, the data should be received at its desti-
nation at the same constant rate.

Because fast packets do not move within the network
at a constant rate, the fast packets are not regularly
received at the destination node. Further, the delay in
the network may change over time. Provision must be
made at the playback of the CBR fast packets to com-
pensate for any irregulanty.

One method is to delay the start of playback of the
first CBR fast packet for a fixed time period. This may
result in a number of CBR fast packets collecting prior
to starting playback of the first CBR fast packet. The
time delay does somewhat smooth the variable network
delays playback of the CBR packets. However, such a
method is inflexible and does not adapt to changes in the
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network. Further, there 1s no provision for handling of
lost packets.

Another method 1s to “time stamp” each packet by
including information in the payload of the packet as to
when the packet was created. However, this method
requires synchronized clocks at the network nodes.
This may not be feasible in all networks, especially
geographically large networks.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a general network.
FIG. 2 1s a node.

FIG. 3 1s a CBR fast packet.

FIG. 4 1s a timing diagram showing CBR traffic as it
progresses through the network.

FIG. 5 1s a chart of the enqueuing process for CBR
fast packets at the CBR traffic destination node.

FI1G. 6 1s a chart of the dequeuing process for CBR
fast packets at the CBR traffic destination node.

DETAILED DESCRIPTION OF THE
DRAWINGS

Network 11, shown in FIG. 1, is a generalized repre-
sentation of data networks. Networks in use may be
more complicated than that shown in FIG. 1. Network
11 consists of source node 14, intermediate nodes 16 and
destination edge node 18. Generally, data networks
consist of many source nodes, intermediate nodes and
destination nodes.

A node 1s shown in FIG. 2. The general depiction of
a node shown in FIG. 2 could be source edge node 14,
intermediate node 16 or destination edge node 18. Re-
celving digital signal processor (DSP) 40 receives data
in the form of fast packets from network 11. Processor
42 directs data received by receiving DSP 40 to buffer
44 or sending DSP 46.

Buffer 44 consists of memory 48. Data directed to
bufter 44 by processor 42 is stored in memory 48. Pro-
cessor 42 may direct data stored in buffer 44 to sending
DSP 46 or may utilize the data for other purposes.

Processor 42 also receives data from data sources 50.
Data sources S0 could be terminals, modems, or DSPs
external to network 11. When data from sources exter-
nal to the network is received, processor 42 must first
“packetize” the data into fast packets for transmission
within network 11.

FIG. 3 shows fast packet 60. Fast packet 60 includes
a series of bytes. Fast packet 60 includes a header 62 and
a payload 64. Header 62, shown with three bytes, con-
tamns information used by nodes 14, 16, 18 to relay fast
packet 60 to its destination. Payload 64, here shown
with 45 bytes, contains data and information related to
the data. Part of payload 64 is sequence number 66.

Sequence number 66 is assigned by the source edge
node 14. Each successive CBR packet is assigned a
successive sequence number 66 using a modulus count-
ing process.

Packetization of data by the processor 42 consists of
accumulating bytes of information from the data source
50. After a sufficient number of bytes have been accu-
mulated, the bytes are placed into payload 64 along
with sequence number 66. Payload 64 may also contain
other information besides sequence number 64 and data,
such as information to convey network independent
timing from the CBR source 12 clock rate at the source
edge node 14 to destination edge node 18 where it is
used to clock the CBR data to CBR destination 20.
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Header 62, containing a connection identifier for fast
packet 60, is attached to payload 64 for use 1n relaying
fast packet 60 to its destination within network 11.

Referring once again to FIG. 1, the source edge node
14 is shown coupled to the CBR source 12. CBR source
12 may be a synchronous data terminal or any other
device that generates CBR data. Since CBR source 12
generates a constant stream of data, CBR packets are
created at regular intervals.

Source edge node 14 enqueues in buffer 44 the CBR
packets with packets from data source 20 for transmis-
sion in network 11. The CBR packets are transmitted

via sending DSP 46 to intermediate node 16. While one
intermediate node 16 is shown, it i1s understood that
more (or no) intermediate nodes may be present in a

network.

At intermediate nodes 16, the CBR packets are again
enqueued for transmission in network 11. Additional
data is received from data source 24, and is packetized
and queued for transmission in network 11. The CBR
packets are transmitted to destination edge node 18.

At destination edge node 18, the CBR packets are
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received for playout to CBR destination 20. As with

nodes 14 and 16, destination edge node 18 also receives
data from data source 26.

With reference to FIG. 2, portion of buffer 44 is set
aside as a CBR packet buffer. Playout is accomplished
by placing the packets in the CBR buffer (enqueuing)
and, at a later time, retrieving the packets from the CBR
buffer (dequeuing) and transmitting the packets as CBR
data to the destination (“playing out™).

FIG. 4 illustrates the timing of the CBR packets
throughout the network. FIG. 4.1 shows the CBR data
as 1t is received by source edge node 14. The CBR data
is received as a continuous stream of data from CBR
source 12. FIG. 4.2 shows the CBR data after packetiza-
tion by source edge node 14. Sequence number 66 ap-

pears on each CBR packet. Since the CBR data is re-

ceived continuously, the CBR packets are created regu-
larly.

FIG. 4.3 shows the receipt by destination edge node
18 of the CBR packets. Due to various delays within
network 11, the CBR packets are received irregularly
by destination edge node 18. The CBR packets must be
played out to CBR destination 20 in a manner that main-
tains the integrity of the CBR data.

FIG. 5 shows the enqueuing of the CBR packets at
destination edge node 18.

Destination edge node 18 waits for arrlval of the
CBR packets (step 100). Upon receipt of a packet, the
processor determines if the number of packets in the
buffer is equal to the size of the playout buffer (repre-
sented by variable ‘L’) (step 102). If the number of pack-
ets in the buffer is equal to L, then the packet is not
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enqueued, and is, consequently, dropped (step 104). If 55

the number of packets in the buffer is less than L, the
packet sequence number 1s checked to determine if the
packet 1s in sequence (step 106). A CBR packet is “in
sequence” if the CBR packet is either the first CBR
packet received or is the next CBR packet expected by
destination edge node 18.

If the CBR packet is in sequence, then the payload

from the packet is enqueued in the buffer for playout to

CBR destination 20 (step 108).
On the other hand, if the CBR packet is not in se-

quence (i.e., the packet 1s “out of sequence”), the num-

ber of packets on the buffer is compared with ‘K’ (step
110). K is a preselected number, indicating quantita-
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tively, if the system will correct the playout for an out
of sequence packet. If the number of packets in the
buffer is less than K, then a “dummy packet”, contain-

ing a fixed, but arbitrary sequence of bit values, is en-

‘queued 1n an attempt to correct the sequence (step 112),

after which the CBR packet is enqueued (step 108). If
the number of packets is greater than K, then the out of
sequence CBR packet is enqueued (step 108). |

In all events, the sequence number of the received
packet 1s stored for comparison with the next CBR -
packet (step 114). CBR destination edge node 18 waits
for receipt of the next CBR packet (step 100).

As the packets are enqueued, the packets are de-
queued, 1.€., played out to CBR destination 20, in accor-
dance with FIG. 6. The CBR packet is received (step
400). CBR packet playout begins whenever a selected
number of packets (referred to as ‘S’) has been received
by destination edge node 18 (step 402).

After playout starts (step 404), the status of the buffer
1s checked to determine if it is empty (step 406). If the
buffer is empty, then a dummy payload is played out

(step 410). Otherwise, the payload at the top of the

bufier is played out (step 408).

An 1lustration of network behavior is shown in FIG.
4. In the example, S, K and L have been set to 2. (Note
that different values for S, K and L could have been
chosen.) FIG. 4.1 shows the CBR data as received by
source edge node 14 from CBR source 12. The packe-
tized CBR data is shown in FIG. 4.2. The CBR packets
are received at destination edge node as shown in FIG.
4.3.

F1G. 4.4 shows the playout of the CBR data, while
FIG. 4.5 shows the status of the CBR buffer.

The first CBR packet is received, and placed in the
buffer. Since less than two (S) packets have been re-
celved, playout has not commenced. After packet 2 is
received, the contents of the buffer increases to two
packets and playout commences. After the playout of
packet 1, the contents of the buffer returns to one.
Packet 3 is received during the playout of packet 2, thus
Increasing the contents of the buffer to two packets
once again. CBR packet 4 does not arrive at the destina-
tion until after the completion of CBR packet 3 playout.
Thus, the buffer is empty when playout of CBR packet
3 ends.

A dummy packet (shown by XX) is played out. While
the dummy packet is played out, CBR packet 4 arrives.
Shortly thereafter, CBR packet 5 and CBR packet 6
arrive before playout of CBR packet 4 completes. Be-
cause the number of packets in the buffer is greater than
two (L) CBR packet 6 is dropped.

CBR packet 7 is received after playout of packet five,
and thus 1s enqueued in the buffer, and is played out
after the playout of CBR packet 5.

The inclusion of the dummy packets during the en-
queuing of the packets in the CBR buffer and during the
playout of the CBR packets serves to both compensate
for packets lost in the network and for changes in the
fixed and variable components of the fast packet delays
through the network. The system, in effect, adapts the
playout delay upwards to changing conditions within

‘the network. Conversely, dropping a fast packet when

L packets are already in the buffer, adapts the playout

delay downwards to changing conditions within the
network.

Selection of variables S, K and L is based upon the
rate data 1s generated and the expected maximum vari-
ability i packet delay. An example is best used to dem-



S
onstrate selection of S, K and 1.. Consider a situation
where CBR source 12 generates data at a constant rate
of 64 kb/s (kilobits/second). With payload 64 contain-
ing 44 data bytes, a fast packet is generated at the source
edge node 14 every 3.5 ms (milliseconds). Further, con-
sider a path through network 10 from source edge node
14 to destination edge node 10 with a maximum vari-
ability in packet delay of 10 ms due to queuing of fast
packets at the source edge node 14 and intermediate
edge node 16. Because the maximum variability in the
packet delay 1s less than twice the packetization delay,
the variability in fast packet delay can be smoothed by
setting S=2 in the dequeue process of FIG. 6. Similarly,
K may be set to 3 and L may be set to 4 in the enqueue
process of FIG. §. In all cases, the parameters values are
set so that S 1s less than or equal to K, and K is less than
or equal to L.

We claim:

1. An adaptive playout method for constant bit rate
traffic in fast packet networks, the network consisting
of a plurality of interrelated nodes, comprising the steps
of: |

converting the constant bit rate traffic into fast pack-

ets;

transmitting fast the packets through the network;

receiving the fast packets at one of the interrelated

nodes;

enqueuing the fast packets in a buffer;

enqueuing dummy fast packets in the buffer to com-

pensate for fast packets lost in the network; and
playing out the contents of the buffer.

2. The method of claim 1 further comprising the step
of playing out dummy fast packets to compensate for
delay in receiving fast packets.

3. The method of claim 2 where enqueuing the fast
packets 1n a buffer comprises the steps of:

determining if the number of fast packets received at

the buffer is greater than a predetermined number:
dropping the fast packets i1f the number of packets is
greater than that predetermined number;
enqueuing the fast packets in the buffer if the number
of fast packets 1s less than the predetermined num
ber. |

4. The method of claim 2 where playing out the con-
tents of the buffer comprises the steps of?:

recelving a predetermined number of fast packets;

playing out fast packets whenever more than that

predetermined number of fast packets have been
received:

playing out a dummy fast packet whenever the buffer

is empty.

5. In a communication network which includes a
plurality of interconnected nodes, where one of the
interconnected nodes 1s a CBR traffic source node and
another node 1s a CBR traffic destination node, a system
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for transmitting CBR data from the CBR traffic source
node to the CBR traffic destination node, comprising:
packetizing means for converting the CBR data into
discrete CBR fast packets;

transmission means for transmitting the CBR fast

packets between the interconnected nodes;

a buffer at the CBR traffic destination node for stor-

ing the CBR fast packets when received:
sequence means for determining if the CBR fast pack-
ets were recetved in sequence;

storage means for inserting dummy packets into the

buffer if the CBR fast packets were not in se-
guence; and

playout means adaptable to changes in network de-

lays for playing out the packet to the CBR destina-
tion node.

6. The system of claim 5 where the sequence means
consists of impressing means at the CBR traffic source
node for impressing on the CBR fast packets a sequence
number and interrogation means at the CBR traffic
destination node for determining if the CBR fast packets
were received in sequence.

7. The communication network of claim 6 further
comprising a processor for determining if the number of
CBR fast packets in the buffer is greater than a first
predetermined number, and if so, discarding CBR fast
packets from the buffer.

8. The communication network of claim 7 where the
processor also determines if packets are missing, and if
s0, then inserts dummy packets.

9. A method of transmitting in a network constant bit
rate information, comprising the steps of:

receiving the data;

forming data packets from the data;

transmitting the data packets in the network:

receiving one of the data packets at a destination

node;

providing a data buffer for the received packet

determining if the data buffer is full

dropping the received packet if the data buffer is full

if the data buffer is not full, determining if the re-

ceived packet is in sequence;

if the received packet is not in sequence, inserting at

least one dummy packet into the data buffer:
playing out the packets in the data buffer to the CBR

destination after more than a first select number of
packets have been received;

if the data buffer becomes empty during play out
betfore all of the CBR data has been received by the
CBR destination, playing out a dummy packet:

determining if the data buffer is full:

dropping the packets if the number of packets is
greater than a second select number: and

enqueulng the packets in the data buffer if the number

of packets in the buffer is less than the second select

number.
_# %k L * Xx
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